SUMMARY We examined tbe responses to volume expansion and contraction in normals, essential hypertensives, and patients with secondary hypertension, in order to formulate a more precise method of categorizing essential hypertensives with respect to plasma renin and aldosterone responses. We studied 379 normal and 464 hypertensive patients during and after a 4 hour 2 liter intravenous saline infusion, and after 120 mg oral furosemide. The large number of normal white and black subjects permitted renin profiling according to race and age. Of 395 essential hypertensives, 12% were categorized as having low-renln, 72% normal-renln, and 16% high-renln hypertension. Our results show, when tbe renin values are adjusted for age and race, lowrenin hypertension in blacks and the elderly is less common than previously described. The most useful clinical information obtained was from measurements of plasma renin activity and aldosterone concentration following saline infusion, since that maneuver identified all patients with high-renin hypertension and also the 25 patients with primary aldosteronism. 
T HE evaluation of patients with essential and secondary hypertension remains a major problem confronting physicians. Not only is it important to identify those patients whose hypertension may respond to specific operative intervention, but also it has recently been proposed that patients with essential hypertension be classified with respect to their plasma renin activity following a variety of provocative maneuvers. 1 " 8 Such "renin profiling" may be of specific prognostic 6 -" and therapeutic importance.
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In the present report, we describe our evaluation of 379 normotensive and 464 hypertensive subjects in whom the diagnosis of pheochromocytoma had been excluded. Sensitive techniques were used to diagnose renal vascular hypertension and primary aldoster-onism. In 395 patients with essential hypertension, renin profiling was conducted by means of volume expansion and contraction. Our renin profiling method is unique in that it not only includes observations in the volume-expanded state, but it also considers the patient's age and race, factors previously reported to influence renin levels. 1214 Our results show, when the renin values are adjusted for age and race, the incidence of low-renin hypertension in blacks and the elderly is less common than previously described. The most useful clinical information was obtained from measurements of plasma renin activity and plasma aldosterone concentration following volume expansion with 2 liters intravenous normal saline.
values for the humoral studies and for the natriuretic responses to be described were derived from observations in 379 normotensive volunteers. These normotensive subjects were obtained by advertisement and were hospitalized at the Indiana University Clinical Research Center. Subjects with a history of cardiac, renal or chronic pulmonary disease were excluded, as were those with any history suggestive of hypertension.
We studied 464 hypertensive patients who form the basis for this report. These patients were referred to our institution by their primary care physicians, either for the initial evaluation of hypertension or for the evaluation of hypertension which their physician judged to be difficult to control. The blood pressure was documented by at least three readings with a systolic ^ 140 mm Hg and a diastolic blood pressure ;> 90 mm Hg. These patients were admitted either to the Clinical Research Center or to a subspecialty ward designated for endocrinologic or hypertensive patients. Patients with the following contraindications were excluded from the study: papilledema, retinal hemorrhages, congestive heart failure in the preceding 3 months, peripheral edema, chronic renal failure, angina pectoris, myocardial infarction or cerebrovascular accident within the preceding 3 months or a history of transient ischemic attack. The possibility of pheochromocytoma was excluded prior to admission by the determination of 24-hour urinary catecholamine excretion. Patients who would not be surgical candidates, in the event that a surgically remediable lesion was discovered, were not subjected to renal arteriography.
Since estrogens interfere with measurements of the renin-angiotensin-aldosterone system, as well as influence blood pressure, 16 normal subjects and hypertensive patients receiving oral contraceptives or estrogens were not studied until 3 months after cessation of such medication. Treatment with all antihypertensive agents was discontinued for 14 days before admission. However, because spironolactone (Aldactone) may occasionally cause long-term elevation of plasma renin values, 17 patients were not studied unless 30 days or more had elapsed since this drug's discontinuation. Dietary sodium and potassium intake were unrestricted prior to admission. In the hospital, dietary sodium intake was 150 mEq/day and potassium, 70 mEq/day, unless otherwise indicated.
Study Protocol

Day I, Admission
On this day the subjects were admitted and an outpatient 24-hour urine specimen was delivered. The subjects were examined and were acquainted with the procedures to be performed.
Day 2, Arteriogram
When not contraindicated, transfemoral renal arteriography was performed in suitable hypertensive candidates to identify renal vascular lesions. If the arteriogram was abnormal, the patient was scheduled for differential renal venous sampling on Day 5.
Day 3, Saline Infusion
To evaluate the suppressibility of the reninangiotensin-aldosterone system, 18 the patient was awakened at 6:00 a.m. and blood samples were obtained for measurement of sodium, potassium, creatinine, plasma renin activity (PRA) and plasma aldosterone concentration (PA) while recumbent. The subject then assumed an upright posture (standing or walking) until 8:00 a.m., at which time he or she was instructed to void completely. Blood samples for PRA and PA were obtained in the upright position. The subject then assumed the recumbent position while receiving a 4-hour intravenous infusion of 2 liters of isotonic (0.9%) saline (500 ml/hr). At noon, a 4-hour urine collection for electrolytes and creatinine was terminated and blood was obtained for PRA and PA, as well as sodium, potassium, and creatinine determinations. Thereafter, the subject was permitted to move about and received a 150 mEq sodium, 70 mEq potassium diet. At 10:00 p.m., a 10-hour urine collection was terminated. At 8:00 a.m. the following morning, a 10-hour "sleep" urine collection was completed. The total sodium intake on this day was 458 mEq.
Day 4, Furosemide
Sodium and volume depletion were induced to stimulate renin. On the morning following saline administration, at 6:00 a.m. while recumbent and again at 8:00 a.m. after 2 hours of upright posture, blood was obtained for electrolytes, creatinine, PRA, and PA. The diet on this day was limited to 10 mEq sodium, 70 mEq potassium and 25 ml water/kg body weight. Furosemide (40 mg) was given orally at 10:00 a.m., 2:00 p.m., and 6:00 p.m. A urine collection was initiated at 8:00 a.m. and was terminated at 10:00 p.m. and a "sleep" specimen was completed at 8:00 a.m. the following morning.
Day 5, Post-Sodium Depletion
At 6:00 a.m. recumbent blood samples were obtained for PRA and PA. In order to evaluate the response of PRA and PA to the stimulus of upright posture following sodium and volume depletion, blood was again sampled after 2 hours of ambulation at 8:00 a.m. Plasma aldosterone values at 6:00 a.m. were not obtained in patients with renal vascular hypertension. If the renal arteriogram was abnormal on Day 2, renal venous renin samples were collected while the patient was recumbent and after a 45° tilt for 20 minutes on this day.
Laboratory Methods
Sodium and potassium concentrations in blood and urine were measured by an IL flame photometer and creatinine concentrations by standard autoanalyzer techniques (Technicon, Tarrytown, NY). Pjasma renin activity and plasma aldosterone concentration were measured by previously reported immunoassay techniques. 19 Statistical analyses, i.e., one-, two-, or three-way analysis of variance, Tukey range comparisons, and single or multiple regression analysis, were performed by means of a computerized statistical program as appropriate. 20 
Renin Classification
Patients were classified according to their plasma renin and aldosterone responses following volume expansion (supine value after saline) and contraction (upright value after furosemide) as compared to the responses recorded in 379 normal subjects. In the normal subjects, the plasma renin responses following saline infusion were independent of age, race or sex according to multivariant analysis. Therefore, those hypertensive subjects having suppressed PRA values greater than the 95th percentile found in normal subjects were defined as having "high-renin" hypertension (HRH). The 95th percentile for this value in normal subjects was 3.26 ng AI/ml/3 hrs.
The response of the upright PRA following furosemide in normal subjects was found to be a function of age and race, but not sex, by means of threeway analysis of variance (p < 0.001). Tukey range comparisons were then applied and led to the development of four groups, rtamely: whites < 40 years, blacks < 40 years, whites > 40 years, and blacks ^ 40 years. The respective fifth percentiles were as follows: 7.29, 6.25, 3.61, 0.80 ng AI/ml/3 hrs. The latter figure is based on data from 16 black persons ^ 40 years. It approaches the lower limit of our assay. In hypertensive subjects, a stimulated PRA was designated "low" if it failed to equal or exceed the fifth percentile for that subject's age and race group, thus identifying patients with "low-renin" hypertension (LRH).
Hypertensive subjects were classified as having "normal-renin" hypertension (NRH) if the suppressed PRA value was less than the 95th percentile of normal subjects, and if the stimulated PRA value exceeded the fifth percentile for that individual's age and race group.
Primary aldosteronism (ALDO) was diagnosed in 25 individuals. Their PA values could not be suppressed to within the 95th percentile (< 11 ng/100 ml) of normal subjects, at which time their PRA values were uniformly low (^ 1 ng AI/ml/3 hr). When stimulated with furosemide, the PRA values of patients with ALDO regularly failed to exceed the fifth percentile for their age and race groups. They were evaluated by means of adrenal venous sampling, contrast studies, response of PA to upright posture, and isotopic scanning techniques with "iodocholesterol. 21 Among our patients, 16 had documented adenomas, while nine had bilateral adrenal hyperplasia. Details on these subjects are described elsewhere. 21 Patients with renal artery stenosis were identified by selective renal arteriograms. A total of 279 hypertensive patients underwent arteriography. Only if renal venous renin ratios were consistent with the diagnosis were they designated as having renovascular hypertension (RVH). 16 
Results
The Population Table 1 describes the characteristics of the population. The mean age of our 379 normal subjects was 29.6 years. We, therefore, also analyzed "older" normals by excluding normal subjects under 30 years. The mean age of the 145 older normal subjects was 44.4 years, which was similar to the subgroups of hypertensives, except for those with HRH (p < 0.05). With the exception of patients with RVH, hypertensives were heavier than normotensives (p < 0.05). Plasma creatinine values of the subgroups were similar. Creatinine clearance determinations of hypertensives and older normals were similar as well, with the exception of patients with RVH. These patients had significantly diminished renal function (p < 0.05).
Plasma sodium values of patients with RVH were lower than those in other groups (/? < 0.05), while those in patients with ALDO were higher (p < 0.05). Patients with RVH and ALDO had decreased plasma potassium values (p < 0.05); however, those with ALDO had values lower than those observed in any other group (p < 0.05). Eleven patients with ALDO had plasma potassium values ^ 3.5 mEq/liter, which is two standard deviations removed from the mean potassium value of our normal subjects.
Outpatient urine collections were used to estimate sodium and potassium intake in our subjects. The completeness of these collections is suggested by the fact that the urinary creatinine excretion in these specimens was not different from inhospital 24-hour values obtained on the saline loading day. Patients with NRH and HRH excreted less sodium according to their outpatient collections than normal subjects {p < 0.05). Patients with ALDO excreted significantly more potassium than all other groups (p < 0.05).
A breakdown by race and sex within each subgroup is outlined in table 2. The normal population included 294 whites and 85 blacks. Thirty-one whites and 16 blacks were classified as having LRH, 220 whites and 64 blacks were classified as having NRH, and 58 whites and six blacks were classified into the HRH category. By chi-square analysis, the percentage of whites and blacks in each category was not different. Forty-four whites had RVH. In this study, we encountered no blacks with that diagnosis. Twenty-four whites and one black were identified as having ALDO. Table 3 demonstrates the systolic, diastolic and mean blood pressures of the normal and hypertensive subgroups on the various study days. In general, subjects with RVH and ALDO had higher blood pressures than patients with essential hypertension. The blood pressures on the saline day were either lower or the same as the admitting day in all groups. A consistent decrease in blood pressure during the hospitalization (p < 0.05) was observed in normals and patients with essential hypertension, but not in those with RVH or ALDO.
Blood Pressure Responses
Plasma Renin and Aldosterone Responses
The PRA and PA values following volume expansion and contraction are outlined in table 4, and significant differences are indicated. Among subgroups of essential hypertensives, these differences were dictated by the classification of the patient's PRA responses as previously described. By this technique, 50% of patients with RVH would have been categorized as having HRH, while 50% would fall under the NRH category. No patient with RVH had low renin values. Figure 1 compares the mean PRA and PA values of the groups following maximal suppression (supine values following saline) and stimulation (upright following furosemide). Two liters of saline intravenously over 4 hours followed by measurement of PRA and PA allowed identification of all patients with HRH and all patients with ALDO. Although patients with LRH and ALDO both had very low PRA values, these groups were readily separated by their supine post-saline PA responses. Occasional patients with HRH or RVH had PA values > 11 ng/100 ml following saline; however, patients with these diagnoses all had PRA values well above those observed with ALDO (<, 1 ng AI/ml/3 hrs). Volume contraction with furosemide allowed separation of patients with LRH from those with NRH, but otherwise afforded no additional diagnostic advantage. Natriuretic and Kaliuretic Responses Sodium and potassium excretion over different time intervals following saline and furosemide administration is illustrated in table 5. The 4-hour urine collection during the 2-liter saline infusion revealed that patients with LRH, NRH, and ALDO excreted more sodium than normal subjects (p < 0.05). However, the natriuretic responses of patients with LRH exceeded those with NRH {p < 0.05). Patients with ALDO excreted more sodium and potassium than any other group (p < 0.05). Over the 24-hour period, patients with ALDO excreted more potassium than any other group (p < 0.05) and more sodium than patients with RVH (p < 0.05). In response to furosemide, all hypertensive groups excreted less sodium than normal subjects (p < 0.05). Patients with ALDO continued to exhibit a kaliuresis (p < 0.05).
The 4-hour fractional excretion of sodium (FE Na ) and fractional excretion of potassium (FE K ) during the saline infusion are illustrated in table 6. The fractional excretion expresses, in percent, the amount of a substance excreted per the amount filtered. Patients with LRH and NRH had an FE Na greater than normal subjects. Patients with primary aldosteronism exhibited an FE Na greater than all other groups {p < 0.01). Those patients also had the greatest FE K {p < 0.01). For the remaining groups FE K values did not differ from one another.
Discussion
The current study was performed to develop a rapid means of diagnosing secondary forms of hypertension, 15 and to examine in detail the frequency and nature of renin and aldosterone abnormalities in patients with essential hypertension. Whereas previous studies of this nature have depended primarily on techniques that stimulate the reninangiotensin-aldosterone system, 4 ' B> "• "• " our studies incorporated a method to suppress this system as well. Suppression with 2 liters normal saline allowed a more precise assessment of patients with elevated PRA values. Our experience is in accord with that of Mitchell et al.," who found that following volume expansion with saline infusion, a more homogeneous subgroup of patients with high-renin values was defined.
The large number of normal subjects of different ages, and the inclusion of 85 normal black subjects, allowed the establishment of normal ranges that considered the age and racial composition of our hypertensive population. A decrease in PRA and PA with increasing age in normotensives 14 and hypertensives 28 has been previously described. In addition, 
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PRA values are lower 12 and respond to a lesser degree to stimulation in blacks than in whites. 1 ' The importance of considering age and race when conducting renin classification has recently been emphasized by Holle et al., S9 and by Mitchell et al." In our population of patients with essential hypertension, we classified only 18% of blacks in the low-renin category. In contradistinction, Mroczek et al." reported a 42% incidence of low PRA values in 397 black hypertensives. These investigators used the data of Brunner et al. 5 to define their normal range; however, that population included no normotensive blacks. Our results suggest that low PRA values in hypertensive blacks and the elderly are decidedly less common when the normal population used as a basis for comparison is adjusted for age and race. Admittedly, the number of normotensive black subjects older than 40 years in our population is small. Greater numbers of older black normotensive subjects may require us to revise our estimate.
Considerable controversy has been generated by the suggestion that renin classification of patients with essential hypertension is of therapeutic importance. Laragh et al. 28 have suggested that patients with lowor normal-renin hypertension are most appropriately treated with a diuretic, whereas beta-adrenergic blocking agents are more appropriate in those with high PRA values. Although Woods et al." concluded that renin determinations were of limited value in the choice of therapy for most patients with essential hypertension, they found that the diuretic chlorthalidone produced a greater reduction in blood pressure and restored blood pressure to normal in a larger percentage of patients in both their low-and normal-renin subgroups than did propranolol. Although detailed measurements of PRA in patients with essential hypertension may have limited clinical value, rapid identification of those with high-renin hypertension may identify those individuals most likely to benefit from propranolol. A 4-hour infusion of 2 liters of normal saline and a postinfusion renin determination allows a rapid identification of patients with high-renin hypertension. Moreover, for that purpose we found that no adjustments for age or race were necessary.
The volume expansion portion of the protocol also rapidly identified those individuals who warranted further study for the presence of an adrenal adenoma. 21 The post-saline PRA and PA determinations were successful in identifying patients with primary aldosteronism in our population. Since patients with PRA values <, 1 ng AI/ml/3 hrs whose PA could not be suppressed to within the 95th percentile of normal subjects invariably had PRA values that failed to respond to furosemide stimulation, rapid volume expansion may be sufficient to conveniently and economically screen hypertensive patients with primary aldosteronism from those with essential hypertension. Since PA measurements are not always readily available, we attempted to identify patients with primary aldosteronism on the basis of their electrolyte excretion during volume expansion. Unfortunately, an ideal separation could not be achieved on that basis; however, the simple determination of FEN« and FE K will identify a large proportion of patients in whom the measurement of PA is most likely to be productive. Although we encountered no complications, it should be pointed out that saline administration to patients with primary aldosterone could theoretically aggravate hypokalemia. Appropriate care should be exercised in patients with clinically significant hypokalemia prior to infusion. Contrary to the experience of Wallach et al.," we were unable to identify any peripheral PRA determinations in either the volume expanded or contracted state that were specifically of value in identifying patients with renal vascular hypertension. Their data suggested that a stimulated renin value was useful in identifying patients with renal vascular disease; however, only four such patients were included in their report. While half of our patients with renal vascular hypertension would have been classified in the highrenin category, the other half had suppressed and stimulated PRA values within the normal range. Unfortunately, our data provide few guidelines for the selection of patients who may benefit from arteriography. However, the possibility of renal vascular hypertension appears remote in patients with low-renin hypertension. In addition, our experience suggests that the diagnosis is decidedly less common in blacks than in whites. The selection of patients warranting arteriography continues to depend upon the history, physical clues, such as the presence of continuous abdominal bruit, and intravenous urography. In addition, it has recently been suggested that blockade of the renin-angiotensin-aldosterone system by means of a specific competitive antagonist for angiotensin II (l-Sar-8-Ala-angiotensin II) 29 or a drug which inhibits converting enzyme may be of value in this regard.
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Krakoff et al." previously noted that patients with low-renin values exhibit a greater natriuretic response following saline infusion than patients with higher renin values. In an earlier report, 83 we confirmed their observations. The present experiments extend our observations to a larger number of patients who are more precisely classified. Furthermore, patients with renal vascular hypertension are included. Under the conditions of the study, patients with high-renin hypertension and patients with renal vascular hypertension failed to exhibit a greater natriuretic response during saline administration than normal •Different from older normals (p < 0.05). fDifference within three groups of patients with essential hypertension (p < 0.05). Different from RVH (p < 0.05). Different from ALDO (p < 0.05). Abbreviations: LRH = low-renin hypertension; HRH = normal-renin hypertension; HRH -high-renin hypertension; RVH = renovascular hypertension; ALDO -primary aldosteronism.
subjects. The natriuretic responses were inversely correlated with PRA values in our hypertensive population, even though blood pressure differences among the subgroups were minor, if present. On the contrary, only patients with primary aldosteronism exhibited a significant kaliuresis compared to controls. Such a response was not observed in patients with low-renin hypertension. Mitchell, et al. 34 recently reviewed the current opinions regarding this subgroup of essential hypertension and pointed out that if low-renin hypertension is the result of a sodium-retaining material, the substance did not exhibit "mineralocorticoid" features, since hypokalemia and increased potassium excretion were not features of patients so categorized. Our observations support this view.
Furosemide induced a greater natriuretic response in normal subjects than in those with hypertension regardless of subgroup. This observation cannot be explained on the basis of differences in glomerular filtration rate since older normals, who had a mean creatinine clearance similar to all hypertensive groups, save for those with renal vascular hypertension, also exhibited a greater natriuresis in response to furosemide than the hypertensives. Furosemide acts primarily on the ascending portion of Henle's loop where it inhibits chloride transport. Integrity of the loop is dependent upon a number of factors including intrarenal hemodynamics. Patients with hypertension are known to have an increased renal vascular resistance" 1 M suggesting an alteration in intrarenal hemodynamics which may account for the subnormal response to furosemide observed in our hypertensive subjects.
In summary, we have outlined the classification of a large population of patients with essential and secondary hypertension on the basis of their PRA and : X 100. Creatinine clearance fGreater than NHR (p < 0.05). JGreater than normal (p < 0.05).
§Greater than LRH (p < 0.05). Abbreviations: LRH = low-renin hypertension; NRH =-normal-renin hypertension; HRH = high-renin hypertension; RVH -renovascular hypertension; ALDO -primary aldosteronism.
PA responses to both volume expansion and contraction. A large, diverse normal population permitted renin profiling according to race and age. We found that the diagnosis of low-renin hypertension is greatly influenced by such adjustments. Volume expansion with 2 liters intravenous normal saline provided the most helpful clinical information since it identified patients with high-renin hypertension and patients with primary aldosteronism. The natriuretic responses observed with saline administration were related to the degree of renin suppression. Patients with primary aldosteronism were unique in exhibiting the greatest natriuresis and a kaliuresis as well, a feature which may facilitate their diagnostic identification.
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